CREPING BLADE 



Technical field of the invention 

The present invention relates to blades for creping. 
More particularly, the present invention relates to crep- 
ing blades provided with a ceramic coating. 

Technical background 

Creping doctor blades are commonly used in the pro- 
duction of tissue. The blades have the function of de- 
taching a paper web from a rigid, hot dryer cylinder (of- 
ten called a Yankee dryer) and at the same time exert a 
compressive action on the web thereby creating the typi- 
cal crepe structure of a tissue product. 

Nowadays, the creping blade must fulfill many re- 
quirements : 

- The blade must overcome the adhesive forces which 
stick the paper web on the dryer surface, the adhe- 
sion being promoted (for purposes of drying the web) 
by a chemical coating applied to the dryer by means 
of a spray-boom. 

- The blade should create the desired crepe structure 
in the web and thereby provide the right bulk, soft- 
ness and mechanical strength to the tissue. For this 
aspect, the geometry of the blade tip is important. 
A square edge blade (90 degrees) in a given creping 
situation will create a different tissue than a 
blade with a sharp edge of say 75 degrees in the 
same creping situation. The former situation gives a 
higher bulk and coarser crepe structure than do the 
latter . 

- The blade should keep the tissue parameters as con- 
stant as possible for the longest possible period of 
time. In other words, the wear of the blade tip and 
its interaction with the layer of coating chemicals 
on the web are important factors. 



- The blade should be as friendly as possible against 
the dryer surface. This means that any wear should 
predominantly or exclusively occur on the blade, 
rather than on the dryer surface. The surface of the 
dryer can be either cast iron (same material as the 
bulk of the cylinder, i.e. a cylinder without any 
surface deposit) or a metallization obtained by, for 
example, thermal spraying. As an example, 
WO 97/22729 describes a method for coating Yankee 
dryers . 

Creping blades are subjected to wear for different 
reasons. First there is sliding wear against the dryer, 
and second there is impact wear due to the web hitting 
the blade during creping. It has been found that the pro- 
gressive wear of the creping blade is directly related to 
unwanted evolution of the tissue properties, such as 
changes in bulk and softness. Practical experience, after 
having reviewed many tissue mills, has shown that the 
best properties of the tissue are obtained only with a 
new blade. For steel blades, this period of good proper- 
ties could be as short as one reel only. 

In order to accommodate for such behavior (i.e. 
blade wear) , tissue makers are specifying ranges of prop- 
erties which are said to be acceptable. Nevertheless, 
there would be a high industrial demand for the tissue 
quality reached in the very first part of the first reel 
after a blade change. When the targeted range of tissue 
properties is not reachable anymore, the creping blade is 
changed for a new one, obtaining again the desirable 
characteristics but which are rapidly decreasing. Gener- 
ally, steel blades of grade type such as AISI 1074 in 
quenched and tempered states are used. Such blades gener- 
ally show rapid wear and consequently rapid changes in 
tissue quality, as well as possible micro-welding issues 
with the dryer surface and a so-called hot waving behav- 
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For the reasons mentioned above, there has been made 
several attempts to improve the behavior of such blades 
by adding hard, wear resistant materials at the blade 
tip . 

5 US patent 3,688,336 explain the possibility to add a 

wear resistant material at the blade tip by a suitable 
method of the thermal spraying type. The desire to avoid 
chipping of the wear resistant material was recognized. 
The referenced US patent proposes the solution to use a 

10 groove at the blade tip and a break-in space between the 
wear resistant material in the groove and the leading 
edge of the blade. 

GB 2,128,551 discloses a multipurpose scraper which 
may be used as a creping blade, having an edge coated by 

15 thermal spraying in many passes with a wear resistant ma- 
terial from the ceramic or metal carbide families. More 
specifically, alumina-titania is presented. Focus is fur- 
ther made on flexibility and again is the need for mini- 
mum brittleness emphasized. 

20 Other documents, such as US-6,207,021 and 

US-6, 074 , 526, teach the possibility to create a recess on 
the blade tip in order to obtain an essentially constant 
contact surface against the dryer, and by this feature a 
constant scraping efficiency. Apart from the fact that 

25 such solutions are very much increasing the manufacturing 
costs for the blade, by virtue of elaborate and accurate 
grinding, such solutions are in practice exposed to blade 
tip failure due to hot friction wear and possible plastic 
flow of the reduced portion of the blade remaining at 

30 disposal for sliding wear. 

Today, thermally sprayed ceramic tipped blades are 
used in the tissue industry. Ceramic compositions includ- 
ing alumina, alumina-titania and alumina-zirconia are 
well known in the field. The 60%/40% alumina-zirconia 

35 fulfils the basic requirements of good sliding wear 

against cast iron, very high fracture toughness and at 
the same time a relatively low hardness. Although creping 



blades having these features may bring benefits in terms 
of lifetime, they still suffer from a number of draw- 
backs : 

1. Firstly, there is a large variation in blade life- 
time due to chipping problems of the ceramic edge. 
The blade has to be removed and replaced after a 
lifetime which can be anywhere between 5 minutes to 
12 hours. It has been observed in practice that most 
of the failures observed when using ceramic tipped 
blades occur during the very first period after a 
blade change. If relatively small, such chips are 
responsible for what is often called "tramlines" on 
the mother reel when winding. With increasing size 
of such chips in the blade, or decreasing grade of 
the tissue to lower grammages, the chips may cause 
web breaks and holes on the tissue. This impairs 
productivity and quality. In conjunction to this 
point, the clear trend to use more and more recycled 
fibers in tissue production leads to more and more 
high ash content and foreign particles being en- 
trapped in the tissue-making process, thereby pro- 
moting even more chipping of the leading edge of the 
state of the art ceramic tipped creping blades. 

2. Secondly, another limitation for such state of the 
art, thermally sprayed ceramic tipped blades is that 
for high quality tissue, such as facial towels, the 
conventional ceramic blade is not able to keep the 
very demanding tissue characteristics for any pro- 
longed time. The inspection of worn ceramic blades 
shows that the impact of the tissue is much closer 
to the leading edge in such .case compared to the 
situation for less quality demanding tissue. This 
can be understood by considering the fact that the 
high softness is obtained by having a very high ad- 
hesion onto the dryer surface, the web detachment 
and its impact thereby being close to the leading 
edge of the creping blade. The consequence is that 



once again chipping, in this case minute microchips, 
develop at the tip of the ceramic blade, leading to 
a "rounded" edge. Consequently, the tissue proper- 
ties decreases rapidly even when using a ceramic 
tipped blade. For such situation, the solution in 
line with US-3,688,336 referenced above will be use- 
less because the impact will occur in the unpro- 
tected "breaking-in space". 

The use of creping blades tipped with thermally 
sprayed metal carbides, such as for example WC-Co or WC- 
Co-Cr is known. Such materials are less brittle than 
sprayed ceramic and therefore less sensitive to edge 
chipping. Nevertheless, the use of such materials should 
be avoided due to other drawbacks, namely: 

- There is a potentially higher wear rate of the 
dryer surface, and potentially high damage due to 
chatter marks if vibrations develop within the tis- 
sue machine and are transferred to the creping 
blade . 

- Metal carbides are constituted by a metal matrix 
with embedded carbides. Such situation may promote 
the micro-welding events between the blade and the 
dryer surface at the high temperatures present in 
the sliding contact. This may lead to transfer of 
material from the dryer to the blade, causing pre- 
mature wear or damage to the surface of the high 
cost dryer cylinder or costly metallization. 

- Another limitation of metal carbides derives from 
their high thermal conductivity. The friction wear 
is creating a large amount of heat, adding to the 
temperature of the already hot dryer surface. Steel 
creping blades or creping blades made of a steel 
substrate with an edge coating of metal or metal 
carbide may obtain a blue color at about 10 mm from 
the tip, which count for temperature exceeding 
300°C. On long blades (wide machines), the steel 
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expands sufficiently to create waving of the blade, 
instabilities in the blade holder, difficulties to 
unload blades and possibly damages to the Yankee 
drum, in particular when unloading such a hot 
5 blade. This is the so-called hot waving behavior. 

Consequently, there is a need in the tissue industry 
for a creping blade with improved behavior, including the 
advantageous features of ceramic materials from a fric- 
10 tion standpoint, but lacking the chipping drawbacks re- 
sulting from material brittleness. 

Summary of the invention 

One object of the present invention is therefore to 

15 provide a creping blade having a thermally sprayed ce- 
ramic tip, which blade does not present the limitations 
due to chipping (macro chips) explained above, thereby 
avoiding the large fluctuations in blade lifetime. 

A second object of the invention is to provide a 

20 blade that is more resistant to microchips when used on 
high quality tissue, such as facial tissue, allowing for 
the tissue properties to be maintained within the desired 
range for a longer period of time, i.e. an extension of 
the blade lifetime. 

25 Another object of the invention is to provide a 

blade which is compatible with various types of Yankee 
dryer surfaces, e.g. both cast iron and metallisations, 
without premature wear of the dryer surface or material 
transfer from the dryer surface to the sliding contact of 

30 the blade due to microwelding . 

Yet another object is to provide a very low sliding 
wear rate of the creping blade in order to maintain the 
scraping efficiency of the blade as constant as possible. 
The surprising observation on which the present in- 

35 vention is founded is that the use of a sprayed ceramic 
compound which is more brittle than alumina-based prod- 
ucts will enable the solution of the chipping problem in 
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creping blade applications , and at the same time fulfill 
the other objects mentioned above. It has been found, to 
the surprise of the skilled person, that creping blades 
tipped with a ceramic of chromia (Cr 2 0 3 ) , or of chromia- 
5 titania (Cr 2 0 3 /Ti0 2 ) , applied by thermal spraying typi- 
cally exhibit no chipping at the leading edge of the 
blade, neither small edge microchips nor any macro chips. 

Typically, the ceramic material covers the blade 
substrate at least over the section thereof adapted for 

10 contact with the dryer cylinder (the working edge) , as 
well as the section thereof upon which the web impacts 
during creping. Hence, the ceramic composition of the 
present invention improves both the sliding wear of the 
blade against the dryer cylinder, and the impact wear in 

15 the area of the blade where it is hit by the web. 

Blades tipped with thermally sprayed chromia or 
chromia-titania with a titania-content of up to 25% by 
weight have been found to be suited for all creping re- 
quirements described above, as will be elucidated in the 

20 summary and the various examples that follow. 

It is preferred that the ceramic coating on the 
blade tip is chromia-titania (Cr 2 03/TiC>2) with up to 25% 
by weight titania (Ti0 2 ) , more preferably 5% to 15% by 
weight titania (Ti0 2 ) , and most preferably with 10% to 

25 15% titania. 

The addition of titania to the ceramic composition 
also provides improved toughness, thereby facilitating 
coiling of the blades during, or subsequent to, manufac- 
ture. It has been found that delamination could occur be- 

30 tween the ceramic deposit and the blade substrate when 

coiling the blade if the toughness of the ceramic deposit 
is too low. However, added toughness has lesser value if 
the blades are produced in a flat process without coil- 
ing . 

35 The chromia or chromia-titania ceramic deposit ac- 

cording to the present invention is a single phase coat- 
ing without any lamella of titania in the coating micro- 
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structure. It is believed that this fact adds to the wear 
resistance of the coating. In a multiphase material, each 
phase generally behaves differently to wear, leading to 
roughening of the creping surface and an increased risk 
of web breakage. This becomes particularly important for 
low grammage tissue. The use of a single phase ceramic 
top layer according to the present invention provides 
uniform wear, leading to a smooth surface over the entire 
lifetime of the creping blade. This will be shown in more 
detail in the description below. 

Brief description of the drawings 

In the following, a detailed description of the in- 
vention will be given by way of preferred embodiments and 
practical examples. The description is given in conjunc- 
tion with the accompanying drawings, on which: 

Figure 1 illustrates the region of engagement be- 
tween the surface of a dryer cylinder and the working 
edge of a newly installed creping blade according to the 
prior art (steel blade); 

Figure 2 illustrates the region of engagement be- 
tween the surface of the dryer and the working edge of a 
worn creping blade according to the prior art (steel 
blade) after a certain working time; 

Figure 3 illustrates the region of engagement be- 
tween the surface of the dryer and the working edge of a 
newly installed creping blade according to the present 
invention; 

Figure 4 illustrates the region of engagement be- 
tween the surface of the dryer and the working edge of a 
creping blade according to the present invention after a 
similar working time as that of figure 2 for the prior 
art blade; 

Figures 5 to 7 represent EDX spectra for blade slid- 
ing bevels and are referred to in Example 1 below; 

Figure 8 is a SEM view of a macro chip event and is 
referred to in Example 1 below; 



Figures 9 and 10 are SEM views of the working edges 
of creping blades and are referred to in Example 2 below; 

Figure 11 is a graph representing softness obtained 
for three different types of blades and is referred to in 
Example 3 below; 

Figures 12 and 13 are SEM views showing wear pat- 
terns after two different running times for a prior art 
blade; and 

Figure 14 is a SEM view showing the wear pattern for 
a creping blade according to the present invention. 

Detailed description of embodiments 

An embodiment of the creping blade according to the 
present invention can comprise the following: 

- a steel substrate having a thickness in the range 
from 0.635 to 1.250 mm; and a width in the range 
from 50 to 150 mm, preferably in the range from 75 
to 120 mm; 

- a prebevel on the steel substrate, with an angle in 
the range from 0 (no prebevel) to 10 degrees, pref- 
erably from 4 to 8 degrees; 

- a bond coat, suitably applied by thermal spraying of 
Ni-Cr (80/20) for example by atmospheric plasma 
spraying (APS) to a thickness in the range from 10 
to 50 microns; 

- a ceramic top layer at the working edge of the 
blade, the ceramic being a composition of chromia or 
chromia-titania, suitably applied by for example 
APS, having a thickness at the front of the blade in 
the range from 150 to 300 microns, preferably from 
200 to 300 microns; 

- a final grinding of the blade to the desired front 
bevel, from about -15 degrees (75 degree blades) to 
about +15 degrees (105 degree blades) in accordance 
with the intended application; 

- a chamfer bevel at the blade tip, on the surface 
facing the dryer, with a length in the range from 



0 mm (no chamfer) to 0.5 mm, and with a bevel lower 
than the sliding bevel in the range from 3 to 15 de- 
grees, preferably from 6 to 12 degrees. 

5 Although the technical effect of the present inven- 

tion is, for most cases, obtained with a ceramic top 
coating comprising no other ceramic material than chromia 
(i.e. 0% or close to 0% titania) , it is preferred to have 
a top coating of chromia-titania , where the titania con- 

10 tent is in the range from 5% to 25% by weight, preferably 
from 10% to 15%. 

By way of introduction, the performance of the crep- 
ing blade according to the invention will be briefly out- 
lined with reference to figures 1-4, where a prior art 

15 blade is compared to the inventive blade. 

Figure 1 illustrates the use of a prior art creping 
blade and shows the situation for a newly installed steel 
blade. The creping blade 2 is shown in engagement with 
the surface of a dryer cylinder 1. The dryer moves ac- 

20 cording to the arrow a, transporting paper web 3 and a 

coating chemical layer 4 up to the working edge 5 of the 
blade 2. The paper web 3 hits the surface 11 of the blade 
at a point 6 near the edge 5 thereof, and the web 3 is 
thereby compressed and changes direction in the form of a 

25 creped tissue 7. As illustrated in the figure, the coat- 
ing chemical layer 4 is partially scraped off by the 
working edge 5 of the creping blade, but some material of 
this chemical layer 8 remains on the surface of the dryer 
1. If the degree of adhesion between the web and the cyl- 

30 inder surface is very high, then point 6 corresponding to 
the web impact area upon the creping blade can be very 
close to the working edge 5 or even superimposed. 

Figure 2 again illustrates the use of the prior art 
creping blade, but now after a working time of tl. Hence, 

35 figure 2 shows the situation for a worn prior art creping 
blade 2 due to sliding against the dryer surface. The 
working edge 5 as shown in figure 1 is now replaced by a 
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sliding surface 5' . The impact wear located in the area 6 
has created a groove on the surface 11 of the blade. Due 
to the usual constant linear load applied to the blade 
tip, the development of the sliding surface 5' will di- 
5 rectly decrease the scraping efficiency of the blade 2, 
whereby the amount of residual chemical layer 8 will in- 
crease over time. 

Figure 3 illustrates the use of a creping blade 2 
according to the present invention and shows the situa- 

10 tion for a newly installed blade. The blade is in contact 
with the dryer surface at the edge 5. The chromia or 
chromia-titania layer is represented by the darker area 9 
in the figure. In this example, the prebevel given to the 
steel substrate causes the ceramic coating to have a 

15 wedge shape as indicated by the darker area 9 in the fig- 
ure . 

Figure 4 again illustrates the use of a creping 
blade 2 according to the present invention, but now after 
a working time of tl (similar working time as shown in 

20 figure 2 for the prior art steel blade) . Hence, figure 4 
shows the situation for a worn creping blade according to 
the present invention. The sliding wear rate is much 
lower compared to the situation for the prior art blade 
shown in figure 2, and the sliding bevel 5' is so small 

25 that it is practically similar to an edge. As a conse- 
quence, for a given linear load applied to the blade tip, 
the scraping efficiency of the inventive blade is only 
slightly lower compared to a newly installed blade, and 
the residual amount 8 of the coating chemical layer 4 has 

30 only increased by a small amount. 



Examples 

In order to determine the performance of the creping 
35 blades according to the present invention, a number of 
comparative trials were performed. 
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Example 1 

In a tissue mill, trials were performed with three 
different types of creping blades. The first type, la- 
beled A, was a blade according to the present invention, 
5 having a ceramic top coating of chromia-titania with 15% 
titania content. The second type, labeled B, was a prior 
art ceramic tipped blade with an alumina-based material 
for the ceramic coating. The third type, labeled C, was a 
prior art metal carbide blade. 
10 The running conditions for the creping process were 

the following: 

- paper web made from 100% recycled fibers; 

- industrial towel type tissue; 

- grammages of 19, 22 and 28 g/m 2 , with wet strength; 
15 - Yankee speed of 1050 m/min; 

- Crepe ratio of 15%; 

- Yankee surface comprised of Metso Curemate-78, a 
HVOF WC-Co-Cr coating; 

- web moisture of 3.5-4%; 

20 - creping blade dimensions of 1.2 x 100 x 2980 mm 

(thickness x width x length) ; 

- a blade bevel of 85 degrees (-5 degrees from square 
edge) ; 

- a blade load of 2.5 bars (280 kgf/m on the reading 
25 scale) ; 

- a base adhesive composition comprised of Cyltac (Key 
Chemicals) 133 @ 37 ml/min or 2.3 mg/m 2 ; 

- a release composition comprised of Cylube (Key 
Chemicals) 112 @ 16 ml/min or 4.6 mg/m 2 ; 

30 - a modifier composition comprised of Cyltac 420 (Key 

Chemicals) ( DiAmmoniumPhosphate ) @ 17 ml/min or 
1.8 mg/m 2 . 

Blade A (the blade according to the present inven- 
35 tion) was run for 19 hrs and was not at the end of its 

lifetime. Blade B was run for 11 hrs and was removed due 
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to 2 chips occurring. Blade C was run for 20 hrs and was 
at the end of its lifetime. 

Figure 5 represents an EDX (Energy Dispersive X-ray) 
spectrum made on the sliding bevel of blade A after 19 
5 hrs running time. No peaks are found related to the mate- 
rial of the Curemate-78 surface (W-Co-Cr) . The peaks from 
Cr, Ti and O are related to the ceramic composition of 
the creping blade coating, and the peak from Au is due to 
gold sputtering of the sample. 

10 Figure 6 represents an EDX spectrum made on the 

sliding bevel of blade B after 11 hrs running time. 
Again, no peaks are found related to the material of the 
Curemate-78 surface. The peaks from Al, Zr and O are re- 
lated to the ceramic composition of the creping blade 

15 coating, and the peak from Au is due to gold sputtering 
of the sample. 

Figure 7 represents an EDX spectrum made on the 
sliding bevel of blade C after 20 hrs running time. The 
blade material is WC-Co without -any Cr content. A small 

20 but clearly visible Cr peak in this spectrum is related 
to the material of the Curemate-78 surface of the Yankee 
(W-Co-Cr) . Although not quantitative, this is a sign of 
f riction/microwelding interaction between the material of 
the blade and that of the Yankee dryer surface. 

25 Moreover, figure 8 is a SEM view of a macro chip 

that occurred on blade B. The failure of the ceramic cre- 
ated a line defect on the tissue web, which is unaccept- 
able and therefore lead to a blade change. 

As a conclusion of this example, the state of the 

30 art ceramic tipped blade (blade B) is sensitive to macro 
chips. The state of the art metal carbide tipped blade 
(blade C) is not particularly sensitive to macro chips 
but show signs of unwanted interaction with the dryer 
Curemate-78 surface. The blade according to the present 

35 invention (blade A) combines the benefits of the two 
state of the art blades. 
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Example 2 

On another tissue machine, currently employing alu- 
mina-based creping blades, a trial of ten blades accord- 
ing to the invention was performed. 
5 The running conditions for the creping process were 

the following: 

- paper web made from 100% deinked fibers (recycled) ; 

- toilet paper tissue type; 

- grammage of 16 g/m 2 ; 

10 - Yankee speed of 770 m/min; 

- Yankee surface comprised of cast iron; 

- Reel speed of 560 m/min (crepe ratio 27%) ; 

- web moisture of 3%; 

- creping blade dimensions of 1.2 x 120 x 3420 mm 
15 (thickness x width x length) ; 

- a blade bevel of 85 degrees (-5 degrees from square 
edge) ; 

- a blade load of 2.5 kN/m; 

- a stick-out of 60 mm. 

20 

The ceramic blades currently used on this machine 
exhibits a very large variation in blade lifetime, rang- 
ing from 1 hour up to over 100 hours. The lifetime of the 
currently used alumina-based ceramic tipped blades is 

25 limited mainly by chipping problems, and the average 
lifetime is about 50 hours. 

The lifetime of the ten blades according to the pre- 
sent invention tested on this machine were (in hours) 77- 
116-60-142-76-50-65-109-44-124, with an average of 86 

30 hours and a minimum lifetime of 44 hours. Change of blade 
was in this case dictated by a change in paper grade, and 
not by chipping problems. 

An alumina-based ceramic tipped blade was run on the 
machine for 131 hours and then inspected in a scanning 

35 electron microscope (SEM) . Figure 9 represents an SEM 
view of the edge of that blade. The sliding wear path, 
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indicated by the arrow in the figure, was found to have a 
width of 550 \im. 

Figure 10 represents a similar SEM view, but of the 
creping blade according to the present invention after a 
5 running time of 142 hours on this machine. The sliding 
wear path, indicated by the arrow in the figure, was 
found to have a width of 150 \im. This should be compared 
to the result evidenced by figure 9 for the state of the 
art blade for a similar running time on the same machine. 

10 As a conclusion of this example, the resistance to 

chips on cast iron for a tissue grammage this low is 
greatly improved by the use of blades according to the 
invention. It should be pointed out that blade chips in 
connection with such very light tissue may be responsible 

15 for web breaks, and consequently loss in productivity. 

In addition, the lower sliding wear path obtained 
for the inventive blade compared to the state of the art 
blades (150 \im compared to 550 pm) will ensure a more 
uniform scraping efficiency of the coating chemicals over 

20 time, and therefore also a more constant creping process. 

Example 3 

On yet another tissue machine, currently employing 
alumina-based ceramic tipped creping blades, a compara- 
25 tive trial was performed between state of the art blades 
and blades according to the present invention. 

The running conditions for the creping process were 
the following: 

- paper web made from 100% virgin fibers; 
30 - soft toilet paper tissue type 

- grammage of 21 g/m 2 ; 

- Yankee speed of 1100 m/min; 

- Yankee surface comprised of cast iron; 

- creping blade dimensions of 1.2 x 120 x 2790 mm 
35 (thickness x width x length) ; 

- blade bevel of 75 degrees (-15 degrees from square 
edge) . 
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State of the art ceramic tipped and metal carbide 
tipped blades were compared to a blade according to the 
present invention. The blade according to the invention 
5 had a 90% chromia - 10% titania composition. In this 

case, the softness attributed value is an important cri- 
teria for this tissue mill. The three blade types were 
run for about 8 hours during 3 consecutive days of pro- 
duction of the same grade. The desired softness value is 

10 3.0, with a minimum acceptable value of 2.6. Figure 11 
shows a graph representing the results obtained by the 
three types of blades. 

Clearly, this trial shows that for high quality tis- 
sue grade, the state of the art ceramic blade is not able 

15 to reach the same results as the metal carbide blade, 

i.e. to keep the softness as constant and high as possi- 
ble. The blade according to the invention, however, (in 
this case with a ceramic having 90% chromia and 10% tita- 
nia) gives a softness comparable to that of the metal 

20 carbide tipped blade, but lacks the potential drawbacks 
with respect to friction compatibility. 

Example 4 

In the tissue machine of Example 2 above, tests were 
25 performed (under the same running conditions as outlined 
in Example 2 above) in order to inspect the wear pattern 
of the worn blades. A comparison was made between alu- 
mina-zirconia ceramic tipped blades of the prior art and 
chromia-titania ceramic tipped blades according to the 
30 present invention. Inspection of the worn blades was made 
by scanning electron microscopy (SEM) . 

Figure 12 shows a SEM view of the wear pattern cre- 
ated by running web on a state of the art alumina- 
zirconia ceramic tipped blade after a running time of 28 
35 hrs . 

Figure 13 shows a view similar to that shown in fig- 
ure 12, but now after a running time of 131 hrs. 
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Figure 14 shows again a view similar to figures 12 
and 13, but now for a blade according to the present in- 
vention. The blade shown in figure 14 has a ceramic coat- 
ing of chromia with 15% by weight titania. The wear pat- 
5 tern shown in figure 14 was created after a running time 
of 116 hrs . 

Figures 12 to 14, which all have the same magnifica- 
tion, clearly show that the wear of a multiphase material 
such as alumina with 40% by weight zirconia leads to a 

10 quite rough wear pattern, while the use of a single phase 
material according to the invention (chromia with 15% by 
weight titania) gives a very smooth impact wear pattern 
on the blade. This difference in impact wear pattern can 
explain why the use of a ceramic tipped blade according 

15 to the present invention leads to a decrease in the fre- 
quency of web breaks compared to a prior art multiphase 
ceramic material. 

Conclusion 

20 A blade for creping has been described. The blade 

according to the invention has a ceramic top layer cover- 
ing the working edge of the blade, as well as the surface 
upon which the web impacts during creping. The ceramic 
top layer is a ceramic composition having a content of 

25 chromia. Preferably, the ceramic composition of the top 
layer comprises chromia-titania, with a titania content 
of up to 25% by weight, and preferably between 10% and 
15% titania. 

The blade according to the present invention leads 
30 to lower sliding wear at the working edge of the blade, 
which in turn gives a more uniform scraping efficiency. 
Moreover, the ceramic top layer of the blade according to 
the present invention is comprised of a single phase com- 
position, leading to a comparatively uniform impact wear 
35 at the areas where the web impacts the creping blade. 

This, in turn, has the advantage that the creping process 
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is more constant over time and that the occurrence of web 
breaks is drastically reduced. 

Although the present invention has been described by 
way of a number of detailed examples, it should be under- 
stood that the invention can be embodied in various other 
ways within the scope of the appended claims. 



